Abstract: Rapid population increases, along with water resources deficiency, have made agricultural experts and researchers use various management techniques to improve water productivity. The term, "more crop per drop" has since came to the center of attention. One of the primary objectives in Iranian national agricultural policies is providing food security, which can be reached via this approach. There is a crucial need for improvements in production of rain-fed agriculture since there are huge rainfed cultivated areas that suffer from low yields. Hence, in this research, supplemental irrigation and sowing dates, which are two effective factors on productivity of rainfed lentils in Qazvin Plain, are investigated. The treatments included two sowing dates and four irrigation levels. The sowing dates were April 4 and April 14, and the irrigation treatments were: no irrigation, single irrigation at seedling stage, single irrigation at pod filling stage, and double irrigation at both of these stages. A factorial experiment in a completely randomized block design with three replications was conducted in agricultural research field of Imam Khomeini International University for two cropping seasons in 2011-2012. The results showed that the effects of the two factors on grain yield and biomass were highly significant at the 1% level, both separately and simultaneously. The sowing date of April 4 led to a rise in yield components. Although the double irrigation treatment with 1,329.4 kg=ha had the most grain yield, the single irrigation treatment at seedling stage with the irrigation water productivity of 1.878 kg=m 3 was the best approach when water productivity was considered. In summary, the results indicated that single irrigation at the seedling stage had better water productivity than the double irrigation treatment. This conclusion is consistent with the production functions and other research results.
Introduction
Dry-farming forms up to 80% of the global farm fields and twothirds of the world's food is produced from rainfed agriculture. Although this agriculture method suffers lower productivity and safety compared with irrigated farmlands, they will still be the main producer of food for the increasing world population (Oweis and Hachum 2003) . Rainfed crops' growth can be poor and cause low yields as a result of the soil moisture deficiency that they often face during sensitive growth stages such as flowering and grain filling (Oweis and Hachum 2012) .
Management practices are efficient attempts to increase production in rainfed agriculture. Droughts and low precipitation decrease the productivity of rainfed crops and farmers are reluctant to cultivate in such conditions. Thus, many fields that were dry farmed for many years are now left moors. An important factor for improving production is to reduce water deficiency stress in the plant's critical growth stages. In this regard, supplemental irrigation (SI) is a highly efficient tool that can provide water for crops at required times (Oweis and Hachum 2001) . Dissimilar to full irrigation, the timing and quantity of SI cannot be predetermined since rainfall is variable in both timing and amount and cannot be predicted. SI can be defined as "the addition of a limited amount of water to otherwise rainfed crops, when rainfall fails to provide essential moisture for normal plant growth, in order to improve and stabilize productivity" (Oweis et al. 1999) . It has been a prosperous management that remarkably raises production and has been confirmed with many researches conducted in this realm. In fact, a well-timed single irrigation (at drought sensitive stage) can multiply crop productivity. Oweis and Hachum (2003) studied the effects of SI on the winter-sown food legumes at International Center for Agricultural Research in the Dry Areas (ICARDA) fields, and found significant improvements in the yields and water productivities (WPs) for chickpeas, lentils, and faba beans. Moreover, they came to the conclusion that lentils and faba bean are more responsive to SI than chickpeas. Oweis and Hachum (2012) in their research at ICARDA found that in rainfed farming, applying a cubic meter of water to crops at the appropriate time (most sensitive stage of moisture stress) could produce 2.5 kg more grain compared with rainfed production. Research in the West Asia North Africa (WANA) region has shown that if the full SI is decreased by 50%, wheat yields will only fall by 10-15% compared to full SI. So, excess production can be gained if the saved water (50%) is used to irrigate an equal size of land. When there is limited water available for the whole farm, there are two options for the farmer: to apply full SI to half of the farm or to apply deficit SI (50% of the full SI) to the whole farm. In this case, applying deficit SI in a 4 ha farm would improve production by an average of 33% (Oweis 1997; Oweis et al. 1999) . The deficit SI scenario most probably will have higher water productivity (WP). WP is an important parameter which in SI depends upon the amount of irrigation water used. Oweis and Hachum (2012) came to the conclusion that the maximum WP is gained when one-third to two-thirds of the full amount of irrigation water is applied.
Another point related to SI that should be taken into account is the sowing date. Although sowing date has received less attention, it is a key parameter and is highly effective on crop production of rainfed agriculture. Sowing date is an essential factor for boosting rain productivity in rainfed farming. Oweis et al. (2004a) found that sowing date had the greatest impact on crop response under rainfed conditions. Moreover, it can affect the SI results. In other words, a delay to sowing date can decrease the positive impacts of SI. The aim in finding the right sowing date is to provide the plant with suitable environmental factors at the time of germination, establishment, and survival so that the plant will not confront any unsuitable environmental conditions. Researches conducted in Mediterranean climate of Australia showed that delay in wheat planting (sowing after the optimum time according to growth season precipitation) will dramatically diminish grain yield (O' Leary et al. 1985; French and Schultz 1984; Batten and Khan 1987) .
Lentils are an important food legume used in rainfed agriculture in the WANA region, where rainfall is both low and variable. Silim et al. (1991) expressed that in WANA region, the sowing date affects the performance of lentils. This is because of the variation of environmental conditions, which impact the crop at the phonological development stages. Krishna and Pandey reported that water stress in pod filling stage of lentils' growth will cause both yields and grain quality to decrease (Krishna and Pandey 1985) . Many researchers believe that providing soil moisture at lentils' flowering and seedling stages is necessary and SI can play an important role in this regard (Krishna and Pandey 1985; Lal et al. 1988 ). SI will affect most of lentils' characteristics positively but the effects on grain yield, plant height, and number of secondary branches is much greater (Lal et al. 1988) .
Although there is a large area under dry farming in Iran (about 50% of its agricultural fields), only 15% of agricultural products are produced using this type of farming (Iranian Bureau of Statistics and Information Technology 2011). Therefore, applying agronomic management practices such as SI in rainfed agriculture will lead to improvements in the whole country's agricultural production, and food security can be achieved.
The goals of this research regarding the selected treatments are as follows:
1. Assessing the effects of single and double supplemental irrigation on lentils' yields; 2. Assessing the effects of supplemental irrigation's date on water productivity; and 3. Assessing simultaneous effects of sowing date and supplemental irrigation on water productivity.
Materials and Methods

Experimental Site and Weather
The experiment was conducted over two consecutive seasons (2011) (2012) , on the agricultural research field of Imam Khomeini International University at Qazvin in northern Iran (36°18′ N, 50°0′ E; elevation 1,346 m above sea level). Mean annual rainfall of Qazvin province is around 325 mm, with considerable year-toyear variations. Annual rainfall in the site, over the past 30 years, ranges from 155 to 496 mm. Table 1 shows the distribution of measured monthly rainfall, minimum and maximum temperatures and 30-year averages for the growing season in the experiment location. Rainfall varied during the two growing seasons of this research; seasonal rainfall was 144 mm in 2011 and 114 mm in 2012. When there is much variation, using SI can be a helpful option to improve and stabilize yields. The soil at field experiment station was classified as sandy loam and its field capacity and permanent wilting point volumetric water contents were 27 and 17% respectively.
Treatments and Experimental Design
The treatments were two sowing dates (SD) and four irrigation levels. The sowing dates were April 4 (SD 1 ) and April 14 (SD 2 ) (early and mid-April) and irrigation treatments were: no irrigation (as the control treatment, SI 1 ), single irrigation at seedling stage (SI 2 ), single irrigation at the pod filling stage (SI 3 ) and double irrigation at both stages (SI 4 ). April 4 was chosen as the appropriate sowing date according to the analysis of 30 years worth of the region's meteorological data and April 14 was chosen to determine the impacts of the delayed sowing date. The eight treatment experiments were conducted in three replications to make the results more reliable. The different treatments are presented in Table 2 and the treatments layout are presented in Fig. 1 .
A factorial experiment in a completely randomized block design was conducted in 24 units. In order to reduce human error, the blocks and treatments were located randomly in the field. Land preparation and seed planting were conducted manually. First, the land basins were prepared. Then, in order to ensure equal planting density in the whole experimental plot, seeds were divided into two equal parts and sown in two directions. A local lentil cultivar called Green Qazvin Lentils (Lens culinaris) was used so the results of this research would be more applicable for the region. Seedplanting amounts were selected to be consistent with the average amount of 60 kg=ha used by local farmers. No fertilizer was used during the growth season and weeding throughout the whole growing season was carried out by hand. The amount of SI water was chosen to be 58 mm in 2011 and 40 mm in 2012 based on soil moisture deficiencies. The basin irrigation method was used and water was conducted into them through tubes. Using a volumetric flow meter, the exact amount of water entering the basins was determined. The experimental units size were 12 m 2 (3 × 4) in 2012 and 5 m 2 ð2 × 2.5Þ in 2011 with at least 1 m space between units. To do the harvesting and measuring yields and its components, a sampling frame (0.5 × 0.5 m) was used and thrown randomly in the basins. After all the crops inside the frame were harvested, they were examined to measure eight yield components, namely: grain yield, biomass, plant height, number of pods per plant, number of grains per area unit, number of grains per pod, harvest index (ratio of grain yield to the biological yield), and the weight of a hundred grains. SAS 9.2 statistical software was utilized to do the statistical analysis of the studied treatments data.
Finding Appropriate Sowing Date A computer model was used to determine suitable sowing date and SI timing using meteorological data, geographic information system, and soil and crop information according to Qazvin's climatic data (Sotoodehnia et al. 2014 ). The computer model calculated daily soil water content (SWC) and the lentils' water requirement (WR) (based on Food and Agriculture Organization-56) (Allen 1998) and by optimization found the best sowing time.
Water Productivity
To evaluate and compare the treatments accurately and to gain a better understanding, three water productivity (WP) indexes were calculated. Precipitation water productivity (kg=m 3 ) (WPP) for rainfed farming, defined as ratio of yield to precipitation amount throughout the growing season, is given in Eq. (1)
where Y = grain yield (Kg=ha); and R = amount of precipitation during growth season (m 3 =ha). Irrigation water productivity (WPI) (kg=m 3 ) for SI treatments was defined as the ratio of production kg=ha (grain yield) and the amount of irrigation (m 3 =ha) during growth season Eq. (2)
The total water productivity (WPT) (kg=m 3 ) for SI treatments, defined as yield per total applied water (irrigation and precipitation). The following equation was used:
Results and Discussion
The results from variance analysis and average characteristics comparison are shown in Tables 3 and 4 . As can be seen from Table 3 , no significant difference was found between the two cultivation years for grain yields and plant biological yields. This demonstrates that the variations in the climatic variables between the two cropping seasons did not have a significant impact. The planting date, SI, and their simultaneous effects on grain yields (yield components) and plant biological yields were remarkable with a very significant difference at the 1% level. Also, the impact of each of these two factors separately on number of pods per brush and number of seeds per pod were particularly notable.
The results from the analysis of the yield and yield components showed that sowing date had a significant effect on grain yield, biomass, and other yield components except the number of branches. Meanwhile, sowing on April 4 improves the yield components (Table 3 ). The table shows that the delayed sowing date treatment with no SI (April 14) suffers great yield decline that makes it noneconomical with a significant difference at 1% level for grain yield and biological yield. The sowing date of April 14 had a yield of 164 kg=ha, which was remarkably lower than the yields from the April 4 sowing date, which were 758 kg=ha. The main cause of the yield loss was interference of the lentils' reproductive period from a local warm wind, which is called "Raz Wind." This is the reason that in cases of delayed land preparations and sowing dates (late April), local farmers will not attempt to plant lentils. Some of the other reasons for yield decline SD2SI3  SD2SI2  SD2SI4  SD1SI4  SD1SI1  SD2SI1  SD1SI3  SD1SI2   SD1SI2  SD2SI4  SD2SI2  SD2SI3  SD1SI3  SD2SI1  SD1SI1  SD1SI4   SD2SI4  SD1SI3  SD1SI4  SD2SI3  SD2SI1  SD1SI2  SD2SI2  SD1SI1 4 m 1 m 3 m Fig. 1 . Treatments layout were nonfilled seeds and pod losses in the reproductive period of the plant. Thus, there was a significant reduction in the number of pods per plant (from 7.89 to 3.21) for the nonirrigated treatments planted on April 4 and April 14, respectively.
Moreover, a similar trend was observed for the other yield components that were higher for the appropriate sowing date of April 4 (Table 4) . There have been similar results from various studies in different parts of the world showing the immense impacts of planting date on lentil grain yield in which delay in sowing date causes yield decrease (Kayan 2010; Oweis et al. 2004a ). It should be noted this research considered a 10 day delay in planting in the same cultivation season as late sowing. Oweis et al. (2004a) consider the treatments with more than a two-month sowing delay as a late sowing treatment. In other words, their delayed sowing was in another season, while the current research just considered a 10-day delay in the same growth season.
The SI made a significant difference (at the 1% level) on yields and yield components except for the weight of a hundred grains and number of branches. Analysis and comparison of the results for SI indicated that the highest yield was achieved with an April 4 sowing date with two SI treatments. Also, the second highest yield was for the same sowing date (April 4) with a single irrigation at the seedling stage. For the same sowing date, the yields were 502 and 917 kg=ha for a single irrigation at the pod filling stage and a single irrigation at the seed filling stage treatments, respectively, and it was only 392 kg=ha for the no irrigation treatment.
The highest yield of 1,329 kg=ha, which belonged to the double irrigation treatment, makes the costs of building water storage pools and necessary equipment for water transfer from irrigated farms to rainfed farms affordable and economical. It should be noted that the main factor for production improvement in rainfed agriculture with SI was the sowing date. As can be seen, there was no significant increase in yield with SI for the April 14 treatments. In fact, for that second sowing date, the yield losses caused by the delayed sowing date are much higher than the increased product caused by SI. It can Note: ns = no significant; SD = swoing date; SI = supplementary irrigation; Y = year. a Significance at 1% probability levels. b Significance at 5% probability levels. Note: SD = planting date; SD1 = planting on April 4; SD2 = planting on April 4; SI = supplementary irrigation; means with similar letters were not significant at the 5% probability level; SI1 = no irrigation; SI2 = single irrigation at seeding stage; SI3 = single irrigation at pod filling stage; SI4 = two irrigations at seeding and pod filling stages.
be concluded that SI cannot compensate for the negative impacts of delayed sowing. When studying the number of pods per bush and the unfilled grains ratio for late-sown treatments, the irrigation caused pod emptiness and falls. Irrigation for delay-sown lentils resulted in the plant's vegetative growth to continue so the reproductive period was shortened. On one hand, the plant was sown with a delay; on the other hand, the SI led the plant flowering to reoccur. Hence, the plant that had lost the spring rains and suffered from moisture deficiency for germination was not able to reflower, and the pods started to fall. Thus, SI used in conjunction with an inappropriate sowing date decreased the yields and did not improve the production.
For treatments sown on April 14, while double irrigation caused the grain yield to grow from 135 kg=ha (for the nonirrigated treatment) to 189 kg=ha, the difference was not significant and both belonged to the same statistical group. Studies by Oweis et al. (2005) and Allam et al. (2007) on faba beans and lentils showed that SI has a remarkable impact on yields and helps to moderate the water stress that plants suffer at sensitive growth stages. Research from Oweis et al. (2004b) had similar results and showed that increased numbers of SI and early sowing will cause even chickpeas to extra yield per area.
Studying and comparing the results showed that sowing date and a single SI simultaneously only had significant effects on grain yield and biomass at the 1% level. In general, early sowing of spring lentils and SI leads to significant growth in biological and grain yield. The reasons for this yield improvement are as follows: First, the plant gains better use of precipitation during the growth season and a portion of its water demand in sensitive growth stages is satisfied through SI. Second, the plant's drought stress decreases. Therefore, there will be a remarkable increase in both grain and biological yields.
The water productivity indicator was used in order to compare the productivity of different treatments (Table 5) . Precipitation water productivity (WPP) for rain-fed farming, irrigation water productivity (WPI) and total water productivity (WPT) for SI treatments were calculated. There was a 75% decline in precipitation water productivity for the delay-sown ones, which indicates the importance of sowing date. A delay of a mere 10 days in sowing date caused the plant to miss 25% of the total rainfall for the growing season. In addition, the plant lost the remaining soil moisture from winter precipitations. Hence, the WPP for the delayed sowing date treatments was significantly lower.
For the April 4 sowing date, while the double irrigation treatment had the highest yield, its water productivity was lower than the single irrigation at the seedling stage. In fact, the highest water productivity was gained for the treatment sown at the right time (April 4) with a single irrigation at the seedling stage. This is consistent with results of Oweis and Hachum (2012) . Despite the fact that the second irrigation increased the product amount in the double irrigation treatment, the product increase rate was lower than the added water rate. In other words, the amount of used water in the SD 1 SI 4 treatment was twice as much as the SD 1 SI 2 treatment, but the yield increase rate was not the same (i.e., it was lower).
According to the production functions, the amount of water used in the critical stages of growth has the greatest impact on yield. Thus, the best time for SI in rainfed farming is the stage that is the most sensitive to drought stress since it will cause the greatest yield increases. Taking the water productivities into consideration, it can be concluded that if the second irrigation is omitted in the double irrigation treatment and that water is saved, the cultivation area under single SI condition can be enlarged. By using the saved water for irrigating plants at the most sensitive stage, then due to the larger cultivation area, the total yields will be better, despite the fact that the single irrigation's overall yield is lower than that in double irrigation. This therefore means that the water productivity of the available water will rise. This is consistent with conclusion of Oweis (1997) and Oweis et al. (1999) from their results.
Conclusions
The results showed that sowing date has a considerable impact on rainfed cultivated lentil yields, and early sowing has positive effects on yield, findings which match the results from Ibrahim (2012) , O' Leary et al. (1985) , French and Schultz (1984) , and Batten and Khan (1987) . In addition, results indicated that SI has a remarkable effect and improves the yield, similar to what Oweis and Hachum (2003) and Bayati et al. (2003) concluded. Thus, by practicing proper management of sowing dates and applying SI at sensitive growth stages, yields can rise dramatically. The outcomes of this research demonstrated that delays in sowing date will cause the positive effects of SI to vanish and reduce yields. Therefore, in rainfed farming with SI, achieving the highest water productivity is possible through ensuring the proper sowing date is adhered to. From this research, it can be concluded that SI cannot compensate for the negative impacts of delayed sowing. Oweis et al. (2004a) found that sowing date has a less significant effect on water productivity than SI for late sowing. However, it should be taken into account that their late sowing date was two months after the early sowing date (i.e., in another growth season).
Furthermore, it was observed when the sowing date is correct; the highest water productivity belongs to the single SI (as deficit SI) at the drought-sensitive stage. While the double irrigation had a higher yield, its water productivity was lower than that of the single irrigation; Oweis and Hachum (2012) had the same results that water productivity of deficit SI is more than that of full SI. It can be concluded that in that in water-scarcity situations, single SI is preferred, which is consistent with Oweis (1997) , Oweis et al. (1999) , and Bayati et al. (2003) . In this case, by allocating the water from the second irrigation to other fields, a higher area can be cultivated with single irrigation management, which in turn leads to increase the product yields in that region. 
